Introduction
============

Macrophages are cells of the innate immune system involved in immunological response against pathogens but also in autoimmune disorders such as rheumatic diseases. They play the role of antigen-presenting cells and they release many inflammatory cytokines and chemokines that contribute to cartilage, bone, and tissue destruction. We want to present several aspects of macrophage function in autoimmune diseases: the development of the two monocyte subsets and of the two macrophage phenotypes. Macrophages are the main cells in most tissues. Their numbers increase massively in inflammation, in autoimmunity diseases, and in cancers. Their progenitor cell is CD34+ in the bone marrow, that differentiates into monoblasts and then into pro-monocytes; finally into monocytes (M0), that are released into the blood. Monocytes circulate for 1--3 days in the blood and then they enter tissues to differentiate into mature resident macrophages;[@b1-jir-9-001] for example they become Kupffer cells in the liver, microglial cells in the brain, and Langerhans cells in the skin. All these resident macrophages, although different in some aspects, have capacity to influence normal cell turnover and tissue remodeling, to counteract microbial infections, and to facilitate repair in sites of injury.[@b2-jir-9-001] The presence or absence of the Fc receptor CD16 identifies two populations of human monocytes, as demonstrated by Passlick et al.[@b3-jir-9-001] It seems that CD16+ monocytes do not express the chemokine receptor CCR2 according to Weber et al[@b4-jir-9-001] and these cells have an enhanced capacity for trans-endothelial migration.[@b5-jir-9-001] It is known that there are two phenotypically and functionally distinct monocyte subsets: inflammatory and resident phenotype. The first one is characterized by CCR2+CD62L+ or CD14lowCD16+ phenotype, while the last one is characterized by CCR2−CD62L− or CD14+CD16−. The inflammatory phenotype is preferentially recruited to inflammatory lesions, while the resident one is hypothesized to be a source of tissue resident macrophage and dendritic cells ([Figure 1](#f1-jir-9-001){ref-type="fig"}).[@b6-jir-9-001]

In the M1/M2 model described by Badylak and Gilbert, CD68 is a specific macrophage surface marker; CD80 and CCR7 identify pro-inflammatory and cytotoxic macrophage M1 phenotype, while CD163 is specific to M2 phenotype during the remodeling process.[@b7-jir-9-001]

When macrophages are recruited into tissues, they become "activated macrophages" and they can have two different phenotypes related to different stimuli: M1 (classically activated) and M2 (alternatively activated) ([Figure 2](#f2-jir-9-001){ref-type="fig"}).[@b8-jir-9-001],[@b9-jir-9-001]

M1 macrophages are important in killing microorganisms and tumor cells; they release high levels of pro-inflammatory cytokines, reactive nitrogen and oxygen intermediates.

M2 macrophages are subdivided into three subpopulations in response to different cytokines and chemokines. IL-4 or IL-13 activates M2a; immune complexes (ICs) in combination with IL-1β or LPS activate M2b phenotype, while IL-10, TGF-β or glucocorticoids induce M2c macrophages. M2 macrophages are involved in resolution of inflammation through phagocytosis of apoptotic neutrophils, reduced production of pro-inflammatory cytokines, and increased synthesis of mediators important in tissue remodeling, angiogenesis, and wound repair ([Figure 2](#f2-jir-9-001){ref-type="fig"}).[@b8-jir-9-001],[@b9-jir-9-001]

Macrophages and rheumatoid arthritis
====================================

Macrophages play a key role in the pathogenesis of rheumatoid arthritis (RA). They produce many pro-inflammatory cytokines and chemokines and then contribute to the cartilage and bone destruction.[@b10-jir-9-001] An increased number of macrophages are found in the synovial tissue; these cells can be activated to produce inflammatory cytokines. In [Figure 3A](#f3-jir-9-001){ref-type="fig"} we show an activated macrophage from synovial fluid of an RA patient, while [Figure 3B and C](#f3-jir-9-001){ref-type="fig"} illustrate macrophages and neutrophil granulocytes during phagocytosis of a small lymphocyte in the same patient.

Synovial sublining macrophage number can be used as a biomarker for disease severity as well as a predictor of responsiveness to disease-modifying antirheumatic drug (DMARD) therapy.[@b11-jir-9-001] It has demonstrated a strong correlation between number of macrophages, the mean change in the disease activity score,[@b12-jir-9-001] and the degree of joint erosion.[@b13-jir-9-001],[@b14-jir-9-001] M1 macrophages have a TNFhighIL-12highIL-10lowiNOS2high pro-inflammatory phenotype, while M2 macrophages have a TNFlowIL-12lowIL-10high-arginasehigh anti-inflammatory phenotype.[@b15-jir-9-001]

From an in vitro polarization study using human monocytes, it was found that CD80 is the main phenotypic marker for human M1 macrophages polarized by IFN-γ, whereas CD200R is upregulated and CD14 is specifically downregulated on M2 macrophages polarized by IL-4, while CD163 and CD16 were found to be specific markers for macrophages polarized by IL-10 ([Figure 4](#f4-jir-9-001){ref-type="fig"}).[@b16-jir-9-001]

Polarization of RA synovial tissue or synovial fluid macrophages in M1 or M2 phenotype depends on "flare" of rheumatic disease. In fact, patients with highly active RA show a prevalence of M1 phenotype; on the other hand, RA patients with low disease activity score or clinical remission show a M2 phenotype. Furthermore, glucocorticoids induce the M2 state,[@b8-jir-9-001] and this "switching" is one of the pharmacological effects of this drugs class on RA. Other DMARDs (such as methotrexate and leflunomide) also have this mechanism of action on macrophage populations; moreover they inhibit cell replication and recruitment of immature and inflammatory monocytes to sites of inflammation.[@b15-jir-9-001] Elevated levels of GM-CSF and M-CSF are seen in synovial fluid from RA patients. GM-CSF has many actions on neutrophils, eosinophils, macrophages, and dendritic cells, whereas M-CSF acts more specifically on the macrophage lineage. It has been proposed that M-CSF in the absence of inflammation maintains steady-state levels of M2 macrophages, while GM-CSF induces pro-inflammatory M1 macrophages that release other inflammatory cytokines, such as TNF-α, IL-12, and IL-23. During development of arthritis, TNF-α and IL-1 stimulate fibroblasts and chondrocytes to release GM-CSF and M-CSF.[@b17-jir-9-001] CD68 and CD163 are two commonly used markers for identification of synovial macrophages in RA synovium. CD68 is a scavenger receptor that binds to oxidized low-density lipoprotein and may also be involved in the cell--cell interaction.[@b17-jir-9-001] It is localized on both cell surface and lysosomal membranes. Changes in the number of synovial sublining CD68+ macrophages can be used as a sensitive biomarker to predict the possible efficacy of anti-rheumatic therapy because this variation's number correlates with disease activity score.[@b17-jir-9-001] CD163 is a type I trans-membrane protein that belongs to the group B scavenger receptor cysteine-rich superfamily. The major role of CD163 is its capacity to bind and internalize hemoglobin--haptoglobin complexes leading to the release of IL-10 and carbon oxide, which exert strong anti-inflammatory effects.[@b17-jir-9-001] CD163 has major advantages as a macrophage marker, as compared with CD68, in RA synovium. In fact CD163 discriminates between synovial macrophages and synovial intimal fibroblasts, which also stain positive for CD68 in diseased tissue.[@b17-jir-9-001] Moreover, soluble CD163 in sera is a promising diagnostic marker for untreated new-onset systemic juvenile idiopathic arthritis and macrophage activation syndrome, which is characterized by excessive expansion of T cells and hemophagocytic macrophages that induce a strong inflammatory reaction.[@b18-jir-9-001] Macrophage markers can help rheumatology specialists to choose the best biological DMARD for rheumatoid patients; in fact it is known in literature that in baseline synovial myeloid, but not lymphoid, gene signature expression is higher in patients with good clinical response to anti-TNF-α therapy.

Dennis et al observed that some serum molecules can predict clinical response to different biological DMARDs. In particular, high baseline serum sICAM1, associated with the myeloid phenotype, is associated with the highest American College of Rheumatologists (ACR) 50 response rate to anti-TNF-α treatment; while high serum CXCL13, associated with the lymphoid phenotype, is associated with greater ACR50 response to anti-IL6R treatment.[@b19-jir-9-001]

Macrophages and angiogenesis
============================

Angiogenesis has a key role in pathogenesis of several rheumatic diseases, such as RA, osteoarthritis (OA), ankylosing spondylitis, systemic sclerosis (SSc), systemic lupus erythematosus (SLE), and vasculitides. Among major cell types involved in angiogenesis, macrophages are known to produce numerous angiogenic factors, including VEGF, FGF, TGF-β, PDGF, TNF-α, MCP-1, IL-6, IL-8, and IL-18 ([Figure 5](#f5-jir-9-001){ref-type="fig"}).[@b20-jir-9-001],[@b21-jir-9-001]

Macrophages and SLE
===================

SLE is an autoimmune disease with a broad spectrum of clinical symptoms. Autoreactive B and T lymphocytes,[@b21-jir-9-001] together with the innate immune system play a role in the pathogenesis of SLE. SLE macrophages are unable to clear apoptotic cells. In SLE, there is an altered pro-inflammatory/anti-inflammatory macrophage status that leads to an overproduction of inflammatory cytokines such as TNF-α, IL-6, IL-10, and antiviral type I IFNs ([Figure 6](#f6-jir-9-001){ref-type="fig"}).[@b22-jir-9-001],[@b23-jir-9-001] In an inflammatory context, SLE monocytes and macrophages present self-antigens to autoreactive T cells rather than the immunosilent presentation normally associated with material from apoptotic cells.[@b22-jir-9-001] Moreover, myeloid cells (including dendritic cells) induce overproduction of type I IFNs that lead to an overproduction of antibodies (classes IgG, IgA, IgM) and class switching from B cells.[@b22-jir-9-001] Recent studies focused attention on innate immune system as promoter of autoimmunity.

PRPs, present on immune cells, recognize microbes during the normal immune responses against infectious agents.[@b24-jir-9-001] TLRs, members of PRPs, control immune responses detecting common molecular motifs, including RNA ligands by TLR3, TLR7 and TLR8, DNA ligands by TLR9, and bacterial cell surface proteins such as LPS or endotoxin that is a ligand for TLR4.

After the link between molecular motifs and TLRs on immune cells (dendritic cells, monocytes/macrophages, and B cells), many pro-inflammatory cytokines are released.

TLRs are activated not only during response against host, but it is also known that they contribute to the pathogenesis of SLE.[@b25-jir-9-001] TLRs (in particular TLR7, TLR8, and TLR9) of SLE patients recognize the serum ICs formed by autoantibodies to nucleic acids or nucleic acid binding proteins.[@b26-jir-9-001] Dendritic and B cells can internalize these nucleic acid-containing ICs through Fc and surface immunoglobulin receptors, respectively.[@b27-jir-9-001],[@b28-jir-9-001] After the ICs' internalization, nucleic acids activate TLRs present on endosomal compartment (RNA and DNA activate TLR7 and TLR9, respectively) and then dendritic cells are stimulated to produce IFN and B cells to undergo maturation. Plasmacytoid dendritic cells are the major source of IFN-α, under TLR7 or TLR9 activation. From these observations, it seems clear that innate immunity regulates key aspects of autoimmunity playing a key role in the pathogenesis of SLE but also in other autoimmunity diseases such as SSc. Moreover, it is known that specific B cell subtype in the marginal zone of the spleen, so-called marginal zone B cells (MZBs), are involved in SLE pathogenesis.[@b29-jir-9-001] MZBs are essential for early responses against pathogens and they are phenotypically characterized by high IgM and complement receptor expression.[@b30-jir-9-001] However, MZBs are also involved in self-reactivity.[@b31-jir-9-001] Autoreactive MZBs produce autoantibodies to self-antigens derived from apoptotic cells.[@b32-jir-9-001] In the marginal zone, the MZBs are in close contact with highly phagocytic macrophages called marginal zone macrophages (MZMs).[@b33-jir-9-001] The MZMs are characterized by high expression of the class A scavenger receptor MARCO and SR-A.[@b33-jir-9-001] MARCO and SR-A bind a variety of self- and foreign ligands, and through them MZMs play an important role in MZB activation.[@b29-jir-9-001]

Macrophages and SSc
===================

SSc is an autoimmune disease characterized by inflammation, endothelial damage, and fibrosis. Type I IFNs have been implicated in B cell maturation[@b34-jir-9-001],[@b35-jir-9-001] and they ameliorate fibrosis of SSc by blocking effect of TGF-β. Upon TLRs' activation, dendritic cells and macrophages release cytokines such as IL-1, TNF, and IL-6 that stimulate inflammation and fibrosis in SSc. Maturation of autoreactive B lymphocytes is induced by TLR activation, also. It seems that TLR activation leads to fibrosis through TGF-β.[@b36-jir-9-001] Moreover data from literature suggest that TLR activation might directly stimulate fibroblast conversion to pro-fibrotic myofibroblasts through TLR3[@b37-jir-9-001] or TLR9.[@b38-jir-9-001] Macrophages, in the dermis of scleroderma patients, become pro-fibrotic under activation of IL-13[@b39-jir-9-001] and they release many pro-fibrotic mediators, including PDGF and TGF-β. Th1 cytokine IFN-γ induces "classically activated" monocytes whereas Th2 cytokines IL-4 and IL-13 stimulate "alternatively activated" macrophages.[@b40-jir-9-001] Alternatively activated macrophages are proposed to be pro-fibrotic, possibly by activating TGF-β. We need future studies to explain this paradigm, to date not fully explored in SSc.

Macrophages and gout
====================

Hyperuricemia can induce precipitation of monosodium urate monohydrate crystals in joints and soft tissues leading to release of many pro-inflammatory cytokines such as TNF, IL-1, and IL-6.[@b41-jir-9-001] It is well known that IL-1 plays a key role in the pathogenesis of gout. It is secreted in the molecular platform called inflammasome,[@b41-jir-9-001] that promotes the activation of CASP1, which then cleaves Pro-IL-1 ([Figure 7](#f7-jir-9-001){ref-type="fig"}). There are many different inflammasomes, but NALP3 inflammasome is the most important in gout. Monosodium urate monohydrate or calcium pyrophosphate dihydrate crystals or pathogen-associated molecular patterns or danger-associated molecular patterns bind NALP3 through an LRR domain (that is capable of recognizing microbial pathogen-associated molecular patterns).[@b41-jir-9-001] NALP3 possesses a NACHT domain to bind ATP and a pyrin domain, which is critical for homotypic protein--protein interactions ([Figure 7](#f7-jir-9-001){ref-type="fig"}). ASC, an adopter molecule, links NALP3 with CASP1 ([Figure 6](#f6-jir-9-001){ref-type="fig"}).[@b42-jir-9-001] These interactions lead to activation of CASP1 molecules, becoming capable of cleaving or processing Pro-IL-1 ([Figure 7](#f7-jir-9-001){ref-type="fig"}).[@b41-jir-9-001] So, it is clear that macrophage-derived IL-1β (M1-associated phenotype in gout) is a pivotal mediator of acute gout and could become a potential therapeutic target.[@b9-jir-9-001] In this way, colchicine is a drug used to treat gout, able to block the activation of inflammasomes and then the production of macrophagic activated IL-1β ([Figure 7](#f7-jir-9-001){ref-type="fig"}).

Macrophages and spondyloarthritis
=================================

Spondyloarthritis (SpA) includes different forms of arthritis, comprises ankylosing spondylitis, psoriatic arthritis (PsA), reactive arthritis, enteropathic-related arthritis, and undifferentiated SpA. When we refer to lymphocytic cells we know the different origins of RA and SpA; but the synovial infiltrate of patients with PsA and RA is comparable with regard to numbers of fibroblast-like synoviocytes and macrophages.[@b43-jir-9-001] Prominent swelling and inflammation of peripheral joints is a hallmark of both RA and SpA, with a preference for large joints of the lower extremities in SpA. Of interest, the total number of macrophages is similar in RA and SpA synovitis, but the subset expressing the M2 surface marker, CD163,[@b44-jir-9-001],[@b45-jir-9-001] is clearly increased in the latter.[@b46-jir-9-001],[@b47-jir-9-001] In accordance with this observation, it was recently described that synovial fluid from SpA patients promotes preferential expression of the M2 markers CD163 and CD200R in vitro. Interestingly, this was still observed even if synovial fluid levels of the prototypical M2-polarizing factors (IL-4, IL-13, and IL-10) were not increased as compared with those in RA synovial fluid.[@b48-jir-9-001] In this respect RA macrophages are associated with an M1 phenotype whereas SpA macrophages with an M2 phenotype.

From these literature data, we can assume that SpA synovitis is characterized from overexpression of alternatively activated macrophages (M2 phenotype) responsible for pro-fibrotic state and for bone overgrowth (syndesmophytes) through abnormal tissue remodeling.

Macrophages and OA
==================

OA is characterized by loss of articular cartilage and modification of subchondral bone. Fluid accumulation (joint effusion), bone overgrowth (osteophytes), and weakness of tendons and muscles can also result from the degenerative process. OA commonly affects the hands, feet, spine, and large weight-bearing joints, such as the hips and knees. The pathogenesis of OA is largely unknown and under current investigation. Biomechanical stress such as cartilage integrity, maintained by a balance obtained from cytokine-driven anabolic and catabolic processes, are involved in the pathogenesis of OA.[@b49-jir-9-001] Cartilage erosion, induced by proteolytic enzymes that lead to a breakdown of the cartilage macromolecules, lead to synovial inflammation. Activated synoviocytes and mononuclear cells (eg, macrophages) release cytokines such as IL-1β and TNF-α and up-regulate MMP gene expression.[@b50-jir-9-001],[@b51-jir-9-001] Then, the synovial inflammation is implicated in many of the signs and symptoms of OA, including joint swelling and effusion.[@b52-jir-9-001],[@b53-jir-9-001]

Histologically, the OA synovium shows hyperplasia with an increased number of lining cells and a mixed inflammatory infiltrate consisting mainly of macrophages.[@b54-jir-9-001]

Synovitis in OA is likely to contribute to disease progression, by releasing inflammatory cytokines and enzymes that degrade cartilage and induce progression of structural changes in OA.[@b55-jir-9-001],[@b56-jir-9-001] However, the levels of pro-inflammatory cytokines in the OA synovitis are lower than in RA. In particular, TNF-α and IL-1 have been suggested to be key players in OA pathogenesis, both in synovial inflammation and in activation of chondrocytes and they stimulate synovial cells and chondrocytes to produce IL-6, IL-8, and LIF as well as stimulate protease and prostaglandin production.[@b52-jir-9-001],[@b57-jir-9-001] It is clear that RA macrophage is the main promoter of disease activity and that macrophage-produced TNF-α is a major therapeutic target. The role of macrophages in OA is not well studied to date. OA synovial macrophages produce both pro-inflammatory cytokines and VEGF[@b52-jir-9-001] and synovial macrophage differentiation differs between inflammatory and non-inflammatory OA.[@b55-jir-9-001] In experimental OA the involvement of macrophages in this pathology has been demonstrated.[@b58-jir-9-001],[@b59-jir-9-001] van der Kraan et al demonstrated that macrophages mediate osteophyte formation and fibrosis in the early stages of experimental OA.[@b60-jir-9-001] Moreover, these knee synovial macrophages were crucial in early MMP activity and appeared to mediate MMP production in synovium rather than cartilage.[@b61-jir-9-001],[@b62-jir-9-001] Blom et al[@b63-jir-9-001] showed that Wnt signaling pathway is involved in OA pathogenesis.

WISP-1 expression was strongly increased in the synovium and cartilage of human and experimental OA[@b64-jir-9-001] regulating chondrocyte and macrophage MMP and aggrecanase expression (molecules capable of inducing articular cartilage damage).[@b64-jir-9-001] In OA, macrophage-derived MMP and pro-inflammatory cytokines might contribute to cartilage destruction and are likely to play a crucial role in disease pathogenesis. To date it seems that M1 phenotype is involved in OA pathogenesis, but more future studies are necessary to define the role of macrophages, in particular, their phenotype.

Macrophages in Behcet's disease and Sjogren's syndrome
======================================================

Behcet's disease (BD) is a chronic, relapsing, inflammatory disorder which is clinically characterized by bipolar aphthosis and microvascular skin and ocular lesions.[@b65-jir-9-001] The synovitis of patients with BD in terms of CD68+ macrophage numbers is similar in the intimal lining layer as well as the synovial sublining to the synovitis of PsA patients.[@b66-jir-9-001] However, it has been reported that serum factor(s) are able to induce classical (pro-inflammatory) activation (M1 phenotype) of human peripheral blood macrophages in vitro in this disease[@b67-jir-9-001] suggesting that serum factor(s) might be responsible for inflammatory changes in BD.

Sjogren's syndrome (SS) is a systemic autoimmune disease that affects woman targeting exocrine glands primarily. Chronic focal inflammatory infiltration is constituted by CD3+ T and CD19+ B lymphocytes as well as M1 and M2 macrophages and it increases inflammatory cytokines' release. Baban et al demonstrated that B cells and M2 macrophages are more prominent than T cells and M1 macrophages. This result could be explained by temporal relation of immune cell infiltrates in salivary glands in SS.[@b68-jir-9-001],[@b69-jir-9-001]

Macrophages and anti-neutrophil cytoplasmic antibodies-related vasculitis
=========================================================================

The primary small vessel systemic vasculitides are disorders that target small blood vessels, inducing vessel wall inflammation and are associated with development of anti-neutrophil cytoplasmic antibodies (ANCAs). From data literature it is known that antibodies activate neutrophils inappropriately, leading to endothelial and vascular damage through cytokines such as TNF. The role of monocyte/macrophages in small vessel systemic vasculitides remain unknown to date, although some studies continue to suggest that down-regulating their activities can be beneficial. To support this, van der Veen et al showed that the use of a p38 MAPK inhibitor reduced ANCA-activation of neutrophils but also reduced glomerular macrophage accumulation and crescent formation.[@b70-jir-9-001] One feature of the accelerated apoptosis was perplexing. When a neutrophil becomes apoptotic, normally there is enhanced expression of phosphatidylserine molecules on its surface which allows it to be recognized and eaten by a phagocytic cell. ANCA-treated neutrophils did not show enhanced expression of phosphatidylserine on their surfaces. This suggested that the cell membrane changes were dissociated from the morphological and nuclear changes of apoptosis and, perhaps more importantly, that the apoptotic neutrophils might not be efficiently cleared by phagocytic cells such as macrophages. In vitro, human monocyte-derived macrophages were, as predicted, less efficient at removing ANCA-treated apoptotic neutrophils than untreated apoptotic neutrophils. The consequences of this failure of removal may be profound since late apoptotic neutrophils disintegrate with release of cell contents into the microenvironment. These observations may also explain the fragmentation of white blood cells seen in electron microscopy studies of early vasculitic lesions.[@b70-jir-9-001]

Macrophages and multiple sclerosis
==================================

Multiple sclerosis (MS), or experimental autoimmune encephalomyelitis (EAE) in an animal model, is a debilitating neurological disorder of the central nervous system (CNS). This disorder is defined by inflammatory infiltration of the CNS, constituted by leukocytes and dendritic cells. In the early stage of MS, peripheral macrophages infiltrate the CNS, where, together with residential microglia, they participate in the induction and development of disease. During the early phase, microglia/macrophages are immediately activated to become classically activated macrophages (M1 cells), releasing pro-inflammatory cytokines and damaging CNS tissue. During the later phase, alternatively activated macrophage phenotype (M2 cells) is predominant in CNS inflammation, releasing anti-inflammatory cytokines, and they are responsible for inflammation resolution and tissue repair.[@b71-jir-9-001] The balance between activation and polarization of M1 cells and M2 cells in the CNS is important for disease progression. M1 cell polarization is driven by pro-inflammatory IFN-γ and IL-12, while IL-4 and IL-13 drive switch to M2 cell. Because macrophage polarization is reversible and dependent on cytokine environment, macrophage phenotypes in the CNS can be modulated by molecular intervention to obtain beneficial effects on disease progression.[@b72-jir-9-001]

In EAE, an animal model of MS, the therapeutic effect of fasudil, a selective ROCK inhibitor was observed.[@b72-jir-9-001] Fasudil ameliorated the clinical severity of EAE with an improvement in demyelination and inhibition of inflammatory cells. One cause of its potential effect is due to induction of switch from inflammatory M1 to anti-inflammatory M2 macrophages. The polarization of M2 macrophages was associated with the decrease of inflammatory cytokine IL-1β, TNF-α, and MCP-1.[@b73-jir-9-001]

Effect of treatments on macrophage lineage numbers
==================================================

Different conventional and biological DMARDs may play a role through macrophage inhibition.

As expressed above, one other stimulus that favors the M2 state is glucocorticoids,[@b14-jir-9-001] and this "switching" may form part of the action of this class of drugs at the macrophage level. This is one of the effects of DMARDs (such as methotrexate and leflunomide) on macrophage populations, in addition to inhibition of cell replication and recruitment of immature and inflammatory monocytes to sites of inflammation.[@b13-jir-9-001]

In RA, TNF-α acts as a positive feedback signal to further promote development and survival of macrophages. Under these circumstances, which are usually encountered in clinical practice, blockade of TNF-α signaling in macrophages can promote depletion of macrophages.[@b74-jir-9-001] Etanercept and infliximab have been shown to induce apoptosis in monocytes and macrophages in both synovial fluid and peripheral blood in vivo.[@b75-jir-9-001] Furthermore, treatment with TNF-α blockers reduces the number of infiltrating synovial granulocytes and macrophages, as well as reducing the expression of chemokines, IL-8, and MCP-1.[@b76-jir-9-001] Anti-TNF-α therapy has also been shown to potentially ameliorate arthritis by upregulating TGF-β and reversing the functional defect of regulatory T cells in RA, which can then inhibit the activity of inflammatory macrophages.[@b77-jir-9-001] Infliximab, a chimeric monoclonal antibody directed against TNF-α, in combination with methotrexate, leads to decreased synovial and skin VEGF expression in patients affected by PsA.[@b78-jir-9-001] The development of other biological therapies, such as the anti-IL-6 receptor antibody, tocilizumab, exhibits the therapeutic effect, in part, by inhibition of macrophage development and function.[@b79-jir-9-001] It also may reduce VEGF production in RA.[@b80-jir-9-001],[@b81-jir-9-001] Thalidomide, recently introduced in the treatment of RA and lupus, is responsible for angiogenesis and TNF-α inhibition.[@b82-jir-9-001],[@b83-jir-9-001] Blockade of GM-CSF or M-CSF inhibits the development of arthritis.[@b84-jir-9-001],[@b85-jir-9-001] The oral inhibitor of M-CSF receptor 27 reduced the arthritis progression by inactivating the tyrosine kinase, which can also be achieved by imatinib mesylate (Glivec^®^; Novartis International AG, Basel, Switzerland).[@b86-jir-9-001] Since depletion of both M-CSF and GM-CSF is effective, several therapies are in Phase I or II clinical trials or preclinical studies using GM-CSF-specific antibodies, GM-CSF receptor-specific antibodies, or antibodies directed at M-CSF or its receptor.[@b87-jir-9-001],[@b88-jir-9-001] JAK inhibitors, including tofacitinib, may also act to effect macrophage development.[@b16-jir-9-001],[@b88-jir-9-001] Macrophage polarization and related therapeutic targets and novel agents are summarized in [Figure 8](#f8-jir-9-001){ref-type="fig"}.

Conclusion
==========

Macrophages play a key role in rheumatic diseases. Their role in the different rheumatic diseases is different according to their M1/M2 macrophage phenotype ([Figure 4](#f4-jir-9-001){ref-type="fig"}).

Pro-inflammatory M1 phenotype expression is prevalently seen in RA, BD, early stage MS, gout, and OA in the presence of pro-inflammatory cytokines such as IFN-γ, TNF-α, IL-6, IL-1, IL-12, and IL-23. On the other hand, M2 macrophages are more predominant in SpA, late stage MS, and SS releasing anti-inflammatory cytokines such as IL-4, IL-10, IL-1ra, and TGF-β and contributing to tissue remodeling and angiogenesis. So, in the future, using specific targeting molecules we can modulate shift versus M1 or M2 phenotype and we can block progression of many rheumatic diseases.
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![Schematic representation of the development of the monocyte subsets.\
**Abbreviation:** DC, dendritic cells.](jir-9-001Fig1){#f1-jir-9-001}

![Schematic representation of macrophage polarization.\
**Abbreviations:** LPS, lipopolysaccharide; IFN-γ, interferon-gamma; TNF-α, tumor necrosis factor α; IL, interleukin; IL-1ra, interleukin 1 receptor antagonist; TGF-β, transformer growth factor β.](jir-9-001Fig2){#f2-jir-9-001}

![Wright stain images of a patient with rheumatoid arthritis.\
**Notes:** (**A**) Activated macrophage in synovial fluid of rheumatoid arthritis. wright stain, synovial fluid smear from a patient with rheumatoid arthritis 1,000×; (**B**) and (**C**) macrophages phagocytizing a small lymphocyte and neutrophil granulocytes. wright stain 1,000× (rheumatoid arthritis).](jir-9-001Fig3){#f3-jir-9-001}

![Macrophages in rheumatic diseases.\
**Abbreviations:** RA, rheumatoid arthritis; OA, osteoarthritis; MS, multiple sclerosis; SpA, spondyloarthritis; TNF-α, tumor necrosis factor α; IL, interleukin; IL-1ra, interleukin 1 receptor antagonist; TGF-β, transformer growth factor β.](jir-9-001Fig4){#f4-jir-9-001}

![Chemokines, growth factors, and cytokines involved in the angiogenic activity of macrophages.\
**Abbreviations:** MIP-1^alpha^, macrophage inflammatory protein-1 alpha; MCP-1, monocyte chemotactic protein 1; CXCL-7, CXC chemokine ligand 7; VEGF, vascular endothelial growth factor; FGF, fibroblast growth factor; EGF, epidermal growth factor; PDGF, platelet derived growth factor; TNF-α, tumor necrosis factor α; IL, interleukin; TGF-β, transformer growth factor β; MIF, macrophage migration inhibitory factor.](jir-9-001Fig5){#f5-jir-9-001}

![Dysregulation of macrophage function in systemic lupus erythematosus (SLE).\
**Abbreviation:** MHC, major histocompatibility complex; INFs, Interferons; MHC, major histocompatibility complex; CD40, cluster of differentiation 40; CD86, cluster of differentiation 86; IL, interleukin; NO, nitrous oxide; SLE MACS, SLE macrophages.](jir-9-001Fig6){#f6-jir-9-001}

![Schematic representation of the role of the inflammasome in processing Pro-IL-1β.\
**Abbreviations:** MSU, monosodium urate monohydrate; LRR, leucine-rich repeat domain; PAMP, pathogen associated molecular pattern; DAMP, damage-associated molecular pattern; RNA, acid ribonucleic; ATP, adenosine triphosphate; NALP-3, PYD domains-containing protein 3; ASC, caspase activation and recruitment domain; NATCH, nucleotide-binding domain; CARD, caspase-recruitment domain; Pro-IL1β, pro-interleukin 1β.](jir-9-001Fig7){#f7-jir-9-001}

![Macrophage polarization in RA synovium and related therapeutic targets.\
**Abbreviation:** RA, rheumatoid arthritis; GM-CSF, Granulocyte-macrophage colony-stimulating factor; LPS, Lipopolysaccharide; TNF-α, Tumor necrosi factor; INF-γ, Interferon-γ; CD, cluster of differentation; iNOS, Inducible nitric oxide synthase; CCL-2,3,4, chemokine (C-C motif) ligand 2,3,4; IL, Interleukin; JAK, Janus kinase; IRF, interferon regulatory factor; M-CSF, macrophage colony-stimulating factor; CD200-Fc, cluster of differentation 200-fragment crystallizable; TGF-β, Transformer growth factor β; RANK, Receptor Activator of NF-KB; RANK-L, Receptor Activator of NF-KB ligand; TRA-8, monomeric monoclonal antibody targeting DR5; DR5, death receptor 5; FAS, a death receptor; TLR-2,4, Toll-like receptor 2,4.](jir-9-001Fig8){#f8-jir-9-001}
